The quality of digital image is rarely perfect and images are usually subject to distortions during acquisition, compression, transmission, processing and reproduction. No-reference (NR) image quality assessment refers to the problem of evaluating the visual quality of an image without any reference. The aim of this paper is to develop a novel NR blur metric (NRBM) for quality evaluation of blurry image. The experimental results indicate that the proposed assessment method gives high correlation with subjective Mean Opinion Score (MOS).
INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION
In recent years, there has been an increasing demand to develop objective measurement techniques that can evaluate image quality automatically which is consistent with the result given by human observers [1] . Objective image quality assessment can be divided into three categories [4] : full-reference (FR), reducereference (RR) and no-reference (NR). Both FR and RR are essentially image similarity or fidelity measurement since they need the original un-distorted image as a reference. However, in many practical applications, an image quality assessment system does not have access to the reference images. Therefore, a great deal of effort has been made to develop objective NR image quality metrics by considering Human Visual System (HVS) characteristics [6] - [9] . However, designing objective NR quality measurement algorithms is a very difficult task due to the limited understanding of the HVS, and it is believed that effective NR quality assessment is feasible only when the prior knowledge about the image distortion types is available [7] .
This research aims to develop objective NR quality assessment algorithm for blurry image, because it is usually considered that blur is an important factor on image quality degradation [3] . With the analysis of blurry image frequencydomain characteristics, we develop a novel blur metric (NRBM), the metric is based on constructing reference image by low-pass filter and applying the Structural Similarity (SSIM) index into measurement.
The organization of this paper is as follows. Section Ⅱ describes the noreference blur metric (NRBM) in detail. Several experimental results are showed in Section Ⅲ. Finally, we conclude the paper in Section Ⅳ.
NO-REFERENCE NO-REFERENCE NO-REFERENCE NO-REFERENCE BLUR BLUR BLUR BLUR METRIC METRIC METRIC METRIC
There exist different types of blurs, for instance, motion blur due to the relative motion between the camera and the scene, and out of focus blur owing HONG HONG HONG HONG ZHANG ZHANG ZHANG ZHANG We obtain power spectrum estimation Ph(a) and Ph(b) exemplified in Fig.  1 , where the blurring effect can be easily identified by the energy reducing from original image to blurred image at high frequency bands. To sum up, sharp image has more high frequency components than blurred image, thus we can evaluate sharpness of image by measuring the high frequency components.
Structure Structure Structure Structure Similarity Similarity Similarity Similarity (SSIM) (SSIM) (SSIM) (SSIM)
Human observes are the finally assessor of image quality, therefore NR image quality assessment refers to algorithms that correlate well with human perception of quality. It is observed that undistorted images have highly structured signals with strong neighborhood dependencies. These dependencies carry useful information about the structures of the objects in the visual scene. And the human visual system is highly adapted to extract structural information from visual scenes. For this reason, we apply the Structural Similarity (SSIM) index [10] into measurement.
The structural similarity (SSIM) index is full-reference metric for measuring the similarity between two images, if one image is distortion-free, the SSIM index could be used to present the distortion magnitude of the other image. The SSIM metric is calculated between two images and is defined as: σ means the variance of y ; xy σ means the covariance of x and y ; c1 and c2 are two variables to stabilize the division with weak denominator.
Implementation Implementation Implementation Implementation steps steps steps steps of of of of the the the the NR NR NR NR blur blur blur blur metric metric metric metric (NRBM) (NRBM) (NRBM) (NRBM)
High frequency components of detected image can be measured by applying low-pass filter and computing the structure similarity (SSIM) index between the detected image and the filtered image. Using a low-pass filter tends to retain the low frequency information while reducing the high frequency information. Obviously, sharp image will lost more high frequency information and get smaller structure similarity index between sharp image and its reference image. By contrast, blurry image will be more invariant to low-pass-filtering and obtain larger structure similarity index.
The specific steps to obtain NRBM are as follows: [9] which smoothes an image by calculating weighted averages in a filter box could achieve satisfactory results. In order to guarantee high computationally efficiency and great smoothing effect, original image I is filtered by a Gaussian filter with window size of 7*7 and standard deviation of 6(
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Edges play an important role in the perception of images, and edges that are distorted by blur can greatly reduce the perceived quality of an image. Therefore image edges are detected by using Sobel operator to compute the gradient magnitudes. The gradient maps of I and Ir are defined as G and Gr respectively. The structural similarity (SSIM) [10] index is a method for measuring the similarity between two images which have proved to be consistent with human eye perception. SSIM considers image degradation as perceived change in structural information, and structural information carries important information about the structure of the objects in the visual scene. The SSIM metric between xi and yi is defined as: The experimental results of NRBM defined in the previous section is shown by testing NRBM algorithm on the publicly available LIVE IQA dataset [5] . The dataset provides 174 sample blurred images with their subjective image quality scores. 24 subjects were shown the sample blurred images in the database and asked to assign each image a quality score between 1 and 100 (1 represents the best quality and 100 the worst), these scores of each image were averaged to get a final Mean Opinion Score(MOS) [10] that presents subjective image quality score. 50 test images in the database were randomly picked and we calculated the NRBM of them. 11 of them are sharp images, and the rest of them are blurry images. The result shown in Fig. 2(a) reflects the correlation between NRBM and MOS, the correlation coefficient is about 0.832. We can clearly find out that the top image which quality is the worst has the biggest structure similarity of gradient map, so the top image gets the biggest NRBM. On the contrast, the bottom image which quality is the best has the smallest structure similarity of gradient map, thus its NRBM is smallest. To sum up, it can be observed that NRBM performs well in predicting subjective image quality of blurred image.
Moreover, because the FR image quality assessment PSNR has been widely used as a reference model to evaluate the effectiveness of other image quality assessment approaches [2] , we calculated PSNR values of testing images. The PSNR results versus MOS are shown in Fig. 3 . It can be observed that PSNR performs hardly in predicting subjective image quality, and the correlation coefficient between PSNR and MOS is only 0.413. Through experiments, we can conclude that our method assesses NR image quality with good performance. Fig.3 PSNR results compared with MOS Through experiments, we can conclude that our method assesses NR image quality with good performance.
CONCLUSION CONCLUSION CONCLUSION CONCLUSION
In this paper, we proposed a no-reference image quality assessment method sensitive to blur. Experiments show that it can quantify the amount of blur, and thus, can capture the change of visual quality in many image processing applications. As described in Section 3, the metric NRBM actually serve as indicator of the blur distortion.
